In this work, operational performance in the green supply chain management (SCM) of the Thai auto parts industry was investigated. A green supply chain performance measurement (GSPM) model was developed from the combination of various concepts including an SCM logistics scorecard, a supply chain operations reference model, a balance scorecard, and green supply chain management. The GSPM has been designed for use as a self-evaluation tool focusing on five decisive areas, or factors, and 28 sub-factors. A factor analysis was conducted using the survey results of the GSPM in order to identify significant factors that represent the green supply chain operation performance. Grouped as three major factors, namely green procurement, green transportation, and green manufacturing; reverse logistics and eco-design; and reuse and recycle of manufacturing, their significance and impact on the auto parts industry in Thailand were highlighted. Specifically, the factor of green procurement, green transportation, and green manufacturing, as major factor 1, in relation with the factor of reverse logistics and eco-design, as major factor 2, were found to have a strong positive relationship with the asset turnover ratio.
Introduction
The concept of the green supply chain was first introduced by Michigan University in 1996 with the purpose of a theoretical manufacturing supply chain. Green supply chain management (GSCM) consists of green design, clean production, and recycling technology in order to minimize the consumption of resources and energy and environmental impacts. The idea was spread and recognized throughout the manufacturing ecosystem [1] [2] [3] [4] . GSCM has also become one of the customer preferences worldwide [5] . It has now been proved to be beneficial rather than irritating to businesses [6, 7] .
In some areas, GSCM is compulsory [8, 9] . Otherwise, GSCM is one of the decisive strategies for business competition [10, 11] . Auto parts industries in Thailand, which mostly are of tier 1, tier 2, and tier 3, are examples of those that are influenced by the GSCM trend. They must pursue GSCM to remain in place in green supply chains in the auto industry, especially with the companies that are multi-national. However, the practice is rather fuzzy and specific measurement on this GSCM is not standardized [12] . Therefore, it is the objective of this research to develop such a model to empirically evaluate the green supply chain's operational performance in the Thai auto parts industry and to identify contextual factors influencing the operational performance. The result will help in pinpointing the strengths, weaknesses, and position of firms. It will also provide possible solutions to increase operational performance via implementing GSCM in their operations.
Literature Review
In the context of interest, the concepts of performance measurement in supply chain management, supply chain operational performance and financial performance are to be underlined as follows.
Performance Measurement in Supply Chain Management
Performance measurement aims at identifying information that will enable the decision maker to monitor performance, reveal progress, enhance motivation and communication, and diagnose problems. Performance measurement in SCM is mature with its development, in terms of both quantitative and qualitative indicators, including the supply chain operations reference model (SCOR Model), the balance scorecard, and the SCM logistics scorecard (LSC). The SCOR model is a measurement model focusing on four aspects: (1) planning; (2) resourcing; (3) producing; and (4) delivering. The model is widely used [13, 14] . The balance scorecard is a model to identify the efficacy of the supply chain, which focuses on four aspects: (1) finance; (2) customers; (3) internal business administration; and (4) knowledge management and growth of the organization. It is outstanding in planning and visualizing the supply chain in various demeanors in business terms [15, 16] . Both the SCOR model and the balance scorecard are recognized worldwide, but they are time-consuming and resource-excessive [17] . Because of these reasons, the LSC was then developed to minimize such limitations. When mixed with five other renowned scorecards, namely Quick Response (QR), Kurt Salmon Associates (KSA) Millennium Readiness Profile, Quick Scan (QS), Efficient Consumer Response (ECR), and Standard ECR [18] , LSC encompasses 20 assessment items based on four fundamental areas: (1) corporate strategy and inter-organization alignment; (2) planning and execution capability; (3) logistics performance; and (4) Information Technology (IT) methods and implementation. The five-level descriptive rating is designed to reduce biased responses. LSC was recognized as a simple yet effective tool and was in use widely in countries including India [19] and Thailand [20] , in addition to being used as a cross-country benchmark, that is, across Japan, Thailand, and China [17] .
Supply Chain Operation Performance and Financial Performance
Financial indicators, such as cash-to-cash cycle time and return on asset, are commonly used to reflect supply chain performance [21] [22] [23] . Also, there is evidence of a correlation between GSCM and financial performance as well as customer satisfaction [24] [25] [26] [27] [28] [29] .
Research Methodology

Data Collection
The industry of interest is the Thai automotive parts industry. The auto parts industry generates more than 17 billion USD per year and is considered to be Thailand's top industry. However, the industry relies on multi-national companies as the supply chain drivers. Because of this, GSCM has become a hot issue. Out of the 189 auto parts companies in Thailand, 50 companies participated in the study. The data used in the study are based on surveys and interviews with managers and engineers of these firms. Here, the Cronbach's alpha was calculated based on the data collected, and for five decisive areas, the Cronbach's alpha of each item was found to be more than 0.9 and less than 1.0. This indicates that the data used here are reliable and consistent [30] .
Green Supply Chain Performance Measurement Model
The GSPM model is developed based on a combination of various concepts, including LSC, the SCOR model, the balance scorecard, and GSCM. The GSPM model is constructed of 28 items, based on five decisive areas or factors, including (1) procurement; (2) transportation; (3) manufacturing; (4) reverse logistics; and (5) eco-design. Evaluation is carried out as a five-level rating with a description, according to which level 5 represents the best practice. Five factors are shown in Table 1 .
Factor Analysis
Factor analysis was carried out in this stage to identify the factor structure and relationship between 28 items from the respondents' point of views. The initial solution was determined using principle component analysis (PCA) with the constraint of an Eigenvalue of more than one. Varimax rotation was additionally applied to avoid multicollinearity among extracted factors since the factor scores from this approach will be utilized as input for subsequent multiple regression analysis. The result of the factor analysis is visualized. The names of those extracted factors are later assigned as group identification.
Results and Discussion
The operational performance of the green supply chain of Thai auto parts firms is of considerable interest. Questionnaires were developed, based on the GSPM model. The questionnaires were delivered in three forms, namely e-mails, interviews, and letters, to the 189 auto parts factories in Thailand. The total number of responses was 50, equivalent to 26.46% of the total number. The data yielded reliable results, with a Cronbach's coefficient alpha value of 0.960 and a Kaiser-Meyer-Olkin value of 0.763, with a confidence of the questionnaire of 90%. Moreover, the Cronbach's coefficient alpha was conducted separately on items in five decisive factors and found that the value from each group was more than 0.90. This indicated that the items had relatively high internal consistency in each factor from the respondents' point of view. The Bartlett's test of sphericity gave an approximate chi-square value of 1074.437, with a degree of freedom of 378.0 and a significance of 0.000. The result indicated that variances are equal across the samples.
Initial Green Score of Thai Auto Parts Industry
The initial comparison of the five decisive areas yielded the results shown in Table 1 . It can be seen that the scores of areas 1-3, which were mainly focused on supply chain activities, were relatively high. Meanwhile, the scores of the green perspectives, the scores of area 4 and area 5, were rather low. The initial investigation indicated that most auto parts industries in Thailand paid attention to and focused on the supply chain and manufacturing performance rather than the environmental aspects. 
Factor Analysis
Here, factor analysis was conducted based on the surveyed result of the GSPM in order to identify the significant factors that represent the green supply chain operation performance of Thai auto parts firms. The initial solution was determined using principal axis factoring with the constraint of an Eigenvalue of more than one. The results yielded three extracted factors. The first factor signified that 15 items were extracted with the variance rate of 37.586%. The second factor signified that eight items were extracted with the variance rate of 14.573%. The third factor signified that five sub-factors were extracted with the variance rate of 6.573%. The results are presented in Tables 2 and 3 .
The pattern matrixes of high and low intensity factors are presented in Table 3 . A value of more than 0.4 indicates a strong relationship between groups, as highlighted in the table. The following gives the definitions of these three extracted factors:
Factor 1: Green procurement, green transportation, and green manufacturing-including vendor/supplier/provider selection with environmental perspectives, transportation management, and manufacturing management with environmental perspective.
Factor 2: Reverse logistics and eco-design-including reverse logistics management, green packaging, green facility management, employee management, green design, and green social responsibility, for instance.
Factor 3: Reuse and recycle in manufacturing-including technology, and reuse and recycle of waste and products. The linear regression was initially conducted between the extracted factor scores and the selected financial outcomes of the participating companies. These financial indices were considered to represent the result of management, namely asset turnover ratio, gross profit margin, and return on investment. The participants' financial data were separately obtained from the Department of Business Development, Thailand's Ministry of Commerce. This external data source is considered essential since it was argued that adoption of internal financial data from respondents alone may not sufficiently produce highly reliable results [31] . The recent financial data of three consecutive years (2012-2014) were included in this analysis. The correlation results are presented in Table 4 . From Table 4 , it can be concluded that the factor affecting the financial performance of auto parts industries is factor 1 which includes green procurement, green transportation, and green manufacturing. This factor has a positive correlation with only the asset turnover ratio. Meanwhile, reverse logistics and eco design, along with reuse and recycle of manufacturing, alone have no significant relationship with those selected financial indicators.
Multiple Linear Regression Analysis between Major Factors and Asset Turnover Ratio
Multiple linear regression analysis was used to reduce the number of variables and to measure the relationship between the asset turnover ratio and the three extracted factors. The results of the multiple linear regression analysis are presented in Table 5 . The result, along with an adjusted R 2 of 0.147, leads to the conclusion that all three major factors, without the exclusion of any major factor, have correlations with the asset turnover ratio, especially factor 1. It was proved, again, that if one factor is excluded, the adjust R 2 reduced. Multiple linear regression analysis was used, again, to measure the relationship between the three extracted factors to find out whether they affect the asset turnover ratio. In this stage, the scores of all three individual variables, which are between −3 and 3, will be increased by three in order to produce positive scores (between 0 and 6). This adjustment is meant to maintain a range of scores which can represent the order of performance and also to avoid the miscalculation that could be caused by multiplication with a negative value. The results are presented in Table 6 . Table 6 . Multiple linear regressions of two major factors: green procurement, green transportation, and green manufacturing and reverse logistics and eco-design to asset turnover ratio. From the multiple linear regression analysis, it was revealed that the best adjusted R 2 of 0.177 is found when two major factors are analyzed together with the asset turnover ratio. On the other hand, if the comparison is made of the adjusted R 2 by neglecting the relationship, the best adjusted R 2 is observed to be 0.147. This result reveals that determining the relationship between the factors could produce a higher adjusted R 2 value compared to determination without taking the relationship into consideration. It can be concluded here that the green procurement, green transportation, and green manufacturing factor has a positive effect on the asset turnover ratio. Moreover, it has an even better positive effect on the asset turnover ratio when scoping with reverse logistics and eco-design. Here, a non-linear effect is observed as the result of the correlation between factor 1 and factor 2 on asset turnover ratio. The relationship can be summarized in the form of the following equation. Z = 0.771 + 0.256x − 0.045y + 0.052xy
Model
From Equation (1), the three-dimensional function chart in Figure 1 was generated . The X-axis represents the score of factor 1: the green procurement, green transportation, and green manufacturing level. The Y-axis represents the score of factor 2: the reverse logistics and eco-design level. The Z-axis exhibits the asset turnover ratio. Figure 1 also illustrates the idea of the effect of factors 1 and 2 individually and the interaction between factors 1 and 2 on the asset turnover ratio. From Equation (1), the three-dimensional function chart in Figure 1was generated . The X-axis represents the score of factor 1: the green procurement, green transportation, and green manufacturing level. The Y-axis represents the score of factor 2: the reverse logistics and eco-design level. The Z-axis exhibits the asset turnover ratio. Figure 1 also illustrates the idea of the effect of factors 1 and 2 individually and the interaction between factors 1 and 2 on the asset turnover ratio. The consequence of green manufacturing combined with the eco-design concept may gain extra attention from environmentally conscious customers who, in turn, influence automobile manufacturers to demand GSCM. This segment of green customers has been increasingly expanded, leading to higher market segmentation. Hence, a combination of extracted factors 1 and 2 has a noticeable impact on the asset turnover ratio.
Conclusions
The operational performance in GSCM for 50 Thai auto parts companies was investigated and presented in this paper. The significance levels of 28 sub-factors were identified, constructing five decisive areas in GSCM. The sub-factors were grouped via factor analysis. Three extracted factors, namely factor 1: green procurement, green transportation, and green manufacturing; factor 2: reverse logistics and eco-design; and factor 3: reuse and recycle in manufacturing, were obtained. The following list summarizes the key points of the investigation, taken from the study:
(1) Most Thai auto parts firms pay attention to and focus on the supply chain and manufacturing performance rather than the environmental aspects. (2) Green procurement, green transportation, and green manufacturing, as major factor 1, alone have a positive relationship with the asset turnover ratio in a linear manner. (3) Green procurement, green transportation, and green manufacturing, as major factor 1, in relation to reverse logistics and eco-design, as major factor 2, have a strong positive relationship with the asset turnover ratio. The consequence of green manufacturing combined with the eco-design concept may gain extra attention from environmentally conscious customers who, in turn, influence automobile manufacturers to demand GSCM. This segment of green customers has been increasingly expanded, leading to higher market segmentation. Hence, a combination of extracted factors 1 and 2 has a noticeable impact on the asset turnover ratio.
(1) Most Thai auto parts firms pay attention to and focus on the supply chain and manufacturing performance rather than the environmental aspects.
(2) Green procurement, green transportation, and green manufacturing, as major factor 1, alone have a positive relationship with the asset turnover ratio in a linear manner. (3) Green procurement, green transportation, and green manufacturing, as major factor 1, in relation to reverse logistics and eco-design, as major factor 2, have a strong positive relationship with the asset turnover ratio.
Previous research findings mainly focused on developing a correlation between supply chain performance and financial indicators which are the cash-to-cash cycle time and return on asset. To the authors' knowledge, none have yet related firms' financial performance with green supply chain operations. This research provided, for the first time, a direct linkage between green practices and company asset turnover ratio.
The techniques demonstrated in this work proved to be successful in evaluating and improving the supply chain of the auto parts industry. These techniques may be adopted and applied to other industries such as electronics, garments, etc. Greening their operations will certainly improve their performance and profitability.
The findings are extremely useful to the Thai auto parts firms to consider and observe if they wish to improve their financial potency or increase their asset turnover. Additionally, the GSCM database was developed, based on 50 firms, thereby yielding the average score in each of the sub-factors. This can be used as a benchmark for comparison.
